Bacterial effectors of damaging dna in host’s cells by Anischenko, A. I. et al.
V Международная (75 Всероссийская) научно-практическая конференция  




4. При пограничных опухолях яичников детекция мутантного гена р53 в 
сложных случаях способствует оценкепотенциала злокачественности, а в 
карциномах яичника, по данным литературы, может рассматриваться как один 
из прогностических неблагоприятных факторов.  
Список литературы: 
1. Карапетян В. Л. Экспрессия маркеров апоптоза (Р53, BCL-2, BAX) и их 
прогностическое значение при эпителиальных новообразованиях яичников 
ранних стадий / В.Л. Карапетян, Е.В. Степанова, А.Ю. Барышников, С.О. 
Никогосян //Российский биотерапевтический журнал. – 2011. -№2. С.45-50 
2. Кобяков Д. С. Взаимосвязь маркеров апоптоза (P53, BCL-2, BAX) с 
клинико-морфологическими параметрами и выживаемостью при 
немелкоклеточном раке легкого/ Д.С. Кобяков, А.Ф. Лазарев, Е.Л. Лушникова, 
Л.М. Непомнящих//Сибирский онкологический журнал. -2014. -№ 5. – С.10-16 
3. Ковылина М. В. Прогностическое значение иммуногистохимических 
маркеров Ki-67 и р53 после радикальной простатэктомии/ М.В. Ковылина, Е.А. 
Прилепская, И.П. Сергейко, Т.Н. Моисеенко // Онкоурология. -2014. -№1. С.49-
52 
4. Михайловский А. А. Перспективы использования молекулярных 
маркеров при раке яичников/ А. А. Михайловский, Ю. В. Харченко, О. В. 
Долгая, И. Н. Круговая // Мiждународный медичный журнал. -2015. -№ 4. С.61-
64 
5. Тюляндин С. А. Молекулярная патология рака легкого: новые 
терапевтические возможности/ С. А. Тюляндин // Практическая онкология. - 
2000.  - №3. – С.43-48 
6.  Хансон К. П. Молекулярная генетика рака яичников/ К.П. Хансон, Е.Н. 
Имянитов//Практическая онкология. -2000. -№4. С.3-6 
7. Kirsti Husgafvel-Pursiainen Cigarette Smoking and p53 Mutations in Lung 
Cancer and Bladder Cancer/ Kirsti Husgafvel-Pursiainen, Annamaria 
Kannio//Environmental Health Perspectives. -1996. -Vol 104. – Р. 553-556 
8. Powell D.E Current concept in epithelial ovarian tumours: does benign to 
malignant transformation occur/ Powell D.E., Puls L., Raqell I. // Human Pathol. -
1992, -v. 23, -Р. 846-847 
9. Wang, J. Immunomodulatory Protein from Nectriahaematococca Induces 
Apoptosis in Lung Cancer Cells via the P53 Pathway/ Wang, Y.; Hou, L.; Xin, F.; 
Fan, B.; Lu, C.; Zhang, L.; Wang, F.; Li, S.// International Journal of Molecular 






Анищенко А.И., Белозерцев А.Ю., Исакова Е.С., Лыкова Е.А.,  
Ярунина И.В. 
V Международная (75 Всероссийская) научно-практическая конференция  




БАКТЕРИАЛЬНЫЕ ЭФФЕКТОРЫ ПОВРЕЖДЕНИЙ ДНК В КЛЕТКАХ 
ОРГАНИЗМА ХОЗЯИНА 
Кафедра медицинской биологии и генетики 
Кафедра иностранных языков 
Уральский государственный медицинский университет 
Екатеринбург, Российская Федерация 
 
Anischenko A.I., Belozertsev A.Y, Isakova E.S., Lykova E.A.,  
Yarunina I.V. 
BACTERIAL EFFECTORS OF DAMAGING DNA IN HOST’S CELLS 
Department of medical biology and genetics 
Department of Foreign languages 
Ural state medical university 




Аннотация. На сегодняшний день важно изучение микробиоты, 
поскольку она оказывает большой эффект на гомеостаз организма хозяина. 
Микробиота производит мутации в клетках организма хозяина, такие как 
повреждение ДНК, остановка репарации и т.д. В статье содержится 
информация о результатах экспериментов, методов влияния микробиоты. 
Annotation. Nowadays it is important to study microbiota because it has a big 
effect on host’s homeostasis. Microbiota makes mutations in the cells of the host 
organism, such as a damage of DNA, delay of reparation etc. The article contains the 
information about the results of the experiments, methods of microbiota’s effect. 
Ключевые слова: биологические мутагены, микробиота, бактериальные 
генотоксины, бактериальные эффекторы повреждений ДНК. 
Key words: biological mutagens, microbiota, bacterial genotoxins, bacterial 
effectors of DNA’s damage. 
Introduction 
There are some factors which cause different mutations of organisms. In 
general, factors can be physical, chemical and biological. Our organism contains a 
big amount of bacterium called microbiota. With the help of sequencing the 
bacterium’s genomes have been investigated. Scientists have associated composition 
of bacterial microflora and type of disease. In fact, not only pathogenic microflora 
cause mutations but normal too.  Examining microbiota, information about bacterial 
genotoxins and other bacterial effectors-damagers eukaryotes’ DNA [1].  
Well, the goal of the research is to learn about about mutational and 
damaging effect on host’s DNA, observations during experiments and make a 
conclusion. Actually, the methods of the research consist of observation, 
experiments. 
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An influence on DNA of host’s target cells is made by different genotoxins. 
For example, a big role of changing the structure of DNA play typhoid toxin from 
Salmonella enterica serovar Typhi [1, 2], cytolethal drawling toxin (CDT) from 
Escherichia coli [1, 3], Aggregatibacter actinomycetemcomitans etc., and, finally, the 
third one is colibactin from Escherichia coli [1,4]. 
At first, CDT was found in pathogenic strains of E. coli, which were got from 
patients with diarhhorea. Well, CDT is a kind of proteins which has got CdtB – 
analogue of mammals’ ferment DNAase. This ferment can split DNA both in the 
form of plasmid and highly orginised form of eukaryote’s DNA. Thus, CDT gets into 
a core via endocytosis through Golgi stacks and endoplasmic reticulum and then 
mutates [1, 5]. 
After delivering CdtB into core of target cells toxin mutates DNA and causes a 
stop of cell cycle or its death according to its type or amount of toxin. Moreover, 
experiments showed that a small amount of toxin resulted in a single split during 3-6 
hours after intoxication. Next these single splits turn into double. If the amount of 
toxin is big, there won’t be single splits. In fact, the double splits will appear 
immediately. As a result, genotoxins can lead to inflammation, damaging of tissues, 
and, therefore, to several forms of cancer [1]. 
Colibactin is a bacterial DNA-effector which of peptid-polyketide nature. 
Colibactin needs a close contact with cells of epithelium and the result is 
inflammation. Like a CDT colibactin activates a ferment DDR and ATM/ATR which 
lead to stop of cell cycle and, eventually, to cell’s aging and death. By the way, these 
aging cells allocate causing inflammation cytokins, hemokins, factors of cancer’s 
growth [1]. 
A characteristic feature of genotoxin-producing bacteria is the presence of 
operons in their genomes that encode the synthesis of these compounds that can 
damage DNA. However, recent researches in this area have shown that, in addition to 
genotoxins, there are other bacterial DNA damage effectors in eukaryotic cells. In 
these cases, mutagenesis in the cells of the host organism is associated with the 
formation of DNA-reactive metabolites of bacterial activity, generation of radicals, or 
immune modulation of the cells of the host organism. It should be noted, these 
bacteria include Helicobacter pylori, Pseudomonas aeruginosa, Enterococcus faecalis, 
Shigella flexneri, Bacteroides fragilis, Neisseria gonorrhoeae, Listeria 
monocytogenes, Chlamydia trachomatis, etc. 
1. Helicobacter pylori 
This gram-negative bacterium colonizes the stomach of almost half of the 
world's population. In most cases, colonization of H. pylori does not cause 
symptoms; although only about 20% of preneoplastic changes occur, and in about 2% 
of cases, infection leads to the development of stomach cancer and lymphoma [1]. 
Settling on the gastric mucosa, this bacterium causes lifelong inflammation, 
predisposing to genomic instability and DNA damage. 
H. pylori increases the level of gene mutations in the epithelium of the gastric 
mucosa in patients with chronic gastritis. An increased level of micronuclei in 
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mucocytes of the mucous membrane of the antrum was found during invasion of H. 
pylori in patients with chronic gastritis. Thus, with H. pylori infection, the formation 
of genotoxic products occurs that exceed the normal range characteristic of the 
inflammatory response in uninfected patients, which leads to a significant increase in 
the number of mucocytes with cytogenetic disorders. It should be noted that there are 
results of both experimental and population studies suggesting that H. pylori is also 
able to induce mutagenesis in mitochondrial DNA, which apparently enhances 
oxidative stress and promotes the development of gastric cancer. 
In conclusion, H. pylori can act on the DNA of the cells of the host body in two 
independent ways: either directly (the mechanism is unknown), or through 
inflammation, causing oxidative or nitrosative stress. It can also be said that H. pylori 
is one of the few bacteria directly causing damage to the DNA of the host cell. 
2. Pseudomonas aeruginosa 
Another widely known bacterium that can cause direct DNA damage in the 
cells of the host body is Pseudomonas aeruginosa. Well, this gram-negative 
conditionally pathogenic bacterium is the causative agent of human nosocomial 
infections due to the fact that it is particularly easy to infect individuals with 
weakened immune status, in particular patients with cystic fibrosis or with severe 
burns [1]. 
Today the ultimate mechanisms leading to DNA damage due to P. aeruginosa 
infection are still unknown. 
3. Bacteroides fragilis 
Some strains of this obligate anaerobic commensal are capable of producing 
enterotoxin (Bft), which causes acute diarrheal disease, also associated with 
colorectal cancer [1]. In a single research, B. fragilis was shown to act indirectly, 
causing high levels of ROS, which in turn damage the DNA of host cells. 
4. Enterococcus faecalis 
Another common intestinal microorganism is fecal enterococcus. This gram-
positive intestinal commensal, which is part of the normal microflora of the human 
digestive tract, produces extracellular superoxide, as well as ROS derivatives such as 
hydrogen peroxide and hydroxyl radical. Therefore, infection with E. faecalis can 
lead to genomic instability in the intestinal cells [1]. 
5. Shigella flexneri 
Shigella Flexner is a gram-negative facultative anaerobic. It affects the 
epithelium of the colon and rectal zone of a human, causing destructive rectoctolitis, 
acute gastroenteritis, which is also called shigellosis or bacterial dysentery. It should 
be noted that a feature of the S. flexneri life cycle is that this bacterium replicates in 
infected cells, initiating inflammation and tissue destruction. In addition, it was found 
that S. flexneri inhibits p53 via VirA, contributing to calpain-dependent degradation 
of p53, which ultimately inhibits apoptosis of infected cells and disrupts p53-
dependent activation of DNA reparation. The mechanism of the genotoxic action of 
S. flexneri remains unclear, however, it serves as a good example of the ability of 
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bacteria to increase their own survival and ensure replication, avoiding premature 
death of infected cells of the host body [1]. 
6. Neisseria gonorrhoeae 
Neisser gonococcus causes purulent inflammation of the mucous membranes 
of the genitourinary system. By infecting epithelial cells, gonococcus acts like 
Shigella flexneri, affecting the p53 signaling pathway. 
P53 inhibition may be the mechanism evolutionarily developed by N. 
gonorrhoeae to maintain the survival of host cells, despite the presence of DNA 
damage. Thus, the epithelium of the urogenital tract is a protected niche where 
gonococci are able to survive and multiply in the cytoplasm of the cells of the host 
organism, evading extracellular immune responses [1]. 
7. Listeria monocytogenes 
Gram-positive rod-shaped bacteria, one of the most common foodborne 
pathogens in the world, cause severe infections (listeriosis) in pregnant women and 
infants with weakened immunity [1]. 
Like other bacterial DNA effectors, L. monocytogenes infection increases the 
length of the cell cycle of the host organism without compromising their viability. 
However, unlike other bacteria that stop the cell cycle, listeria induces a delay in the 
synthetic phase, facilitating DNA reparation. One of the probable mechanisms of the 
genotoxic effect of this pathogen may be histone deacetylation using Sirtuin 2 
deacetylase. Thus, L. monocytogenes manipulates the eukaryotic genome through a 
number of mechanisms that promote the survival and replication of this bacterium. 
8. Chlamydia trachomatis 
Another representative of Chlamydia trachomatis is an obligate intracellular 
pathogen that is involved in a number of infectious diseases of the genitourinary tract. 
In addition, the presence of C. trachomatis infection is associated with a risk of 
developing cancer of the cervix and ovaries. Features: small genome, lack of own 
mitochondria. The survival and replication of bacteria depends on the amino acids 
and nucleotides of the host cell. Chlamydia exists in a conflict situation, because it 
needs metabolites from a living host, but it harms the cells of the host organism and 
causes DNA damage. 
A study by scientists at the Max Planck Institute for Infectious Biology found 
that C. trachomatis infections alter histone epigenetic labels, affecting the DSB kinase 
marker γH2AX activity. Previously, it was shown that ROS produced during 
chlamydial replication cause oxidation of membrane lipids, and ROS also contribute 
to the formation of DSB, however, C. trachomatis was found to impede the normal 
flow of DDR in response to DNA damage, preventing access of key ATM and 53BP1 
proteins to damaged areas. Despite breaking the DDR, Chlamydia-infected cells 
continued to proliferate, supported by enhanced oncogenic signals involving ERK, 
Cyclin E and SAHF [1]. 
Thus, C. trachomatis infected cells host organism with damaged DNA and 
modified chromatin are forced to survive due to DSB restoration and cell cycle 
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regulation, and chlamydia creates an environment conducive to successful survival 
and reproduction. 
9. Streptococcus pneumoniae 
Streptococcus pneumoniae is a gram-positive anaerobic, one of the main 
causative agents of pneumonia in children and adults. 
Recently, it has been studied that streptococcus bacterium is able to infect 
human cells and lungs, as it contains a specific pyruvate oxidase (SpxB) gene, which 
enhances the secretion of hydrogen peroxide, this leads to endogenous oxidative 
stress, followed by the induction of DSB and consequently apoptosis. 
There have been other studies that have demonstrated that a key factor in S. 
Pneumoniae infection ability is the toxin, a cholesterol-dependent cytolysin (CDC-
toxin), which forms pores in the cell membranes of the host body, and is involved in 
inflammatory reactions. 
In 2016, the researche was done which results showed that DNA damage 
caused by a toxin precedes cell cycle arrest and induces apoptosis. In addition, the 
authors noted that at the stage of DNA replication, DSB is more common when 
exposed to pneumolysin. This observation increases the likelihood that DSBs may 
result from a replication fork failure. Together, the results of this study confirmed the 
previously unrecognized ability of pneumolysin to induce DNA damage, which is 
important for understanding the pathophysiology of infection S. pneumoniae. 
10. Sulfate-reducing bacteria 
The following bacteria are colonizers of the human intestinal tract. These 
bacteria are involved in inflammatory bowel diseases, the occurrence of colorectal 
cancer [1]. Hydrogen bacteria (Sulfidogenic bacteria, Fusobacterium nucleatum etc.) 
metabolize organic and inorganic sources of sulfur, produce hydrogen sulfide, and 
reduce sulfates. It is noteworthy that H2 and S, due to their direct genotoxicity, is a 
significant bacterial metabolite that can initiate colon cancer. Now, there is a 
connection between individual bacterial sulfate reductants (Fusobacterium 
nucleatum) and epithelial colorectal cancers. 
Finally, we can say that this work allowed us to understand the following 
issues: bacterial genotoxins and bacterial eukaryotic DNA damage effectors. As the 
result of research, we examined the ability of some bacteria to damage DNA, the 
mechanisms that they use for this. The topic is relevant today, because the microbiota 
has a significant, and sometimes decisive, effect on the homeostasis of the host 
organism. 
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Аннотация. В статье рассмотрен анализ вариабельности сердечного 
ритма у студентов с учётом их успеваемости и уровня личностной тревожности 
(ЛТ). 
Annotation. The article considers the analysis of indicators of regulatory 
systems activity and studies the effect of personal anxiety level on them. 
Ключевые слова: личностная тревожность, вариабельность сердечного 
ритма, регуляторные системы организма. 




Работа регуляторных систем организма [4] может оцениваться 
некоторыми методами для получения данных об адаптационных возможностях 
организма в целом и использоваться в диагностических целях.  Одним из таких 
методов является оценка вариабельности сердечного ритма (ВСР), 
основывающаяся на использовании данных о длительности интервалов между 
сердечными сокращениями и позволяющая оценить активность адаптивных 
систем организма. Оценка вариабельности сердечного ритма позволяет выявить 
